INTRODUCTION
During steady-state spermatogenesis, millions of spermatozoa are produced daily within testes to ensure continual male fertility [1] . This process relies on the self-renewal and differentiation of a tissue-specific stem cell population referred to as spermatogonial stem cells (SSCs) in mammals [2, 3] . Similar to other stem cell populations, SSC activities are supported within a niche microenvironment. In general, stem cell niches are formed by contributions of support cells that provide a milieu of growth factors and specialized microarchitecture to promote stem cell self-renewal and survival. For most stem cell populations, niches are orchestrated by one or more main support cell populations. For example, in the nervous system, neural stem cells (NSCs) receive cues from endothelial cells lining blood vessels [4] , whereas, in the bone marrow system, osteoblasts and bone marrow stromal cells are the major support cells for hematopoietic stem cell (HSC) functions [5, 6] . Currently, the main orchestrating niche support cell populations are undefined for SSCs.
The somatic support cell system in mammalian testes consists primarily of Sertoli, Leydig, and myoid cells. Previous studies have provided indirect evidence that these cell populations contribute in varying capacities to the function of SSCs. Studies by Tadokoro et al. [7] indicate that Sertoli cells express the cytokine glial cell line-derived neurotrophic factor (GDNF) under control of follicle-stimulating hormone. GDNF is an essential regulator of SSC self-renewal and survival in vitro [8] and is required for maintenance of the undifferentiated spermatogonial population in vivo [9] . Another cytokine, colony-stimulating factor 1 (CSF-1), enhances GDNF-induced self-renewal of mouse SSCs in vitro and is expressed by Leydig and myoid cells in vivo [10] . In addition to these somatic cell populations, several studies have indicated that the interstitial space between seminiferous tubules, including the vascular network, is associated with development of the undifferentiated spermatogonial population that includes SSCs [11] [12] [13] . Though these previous studies indicate that contributions from multiple somatic support cell populations and the vasculature influence SSC functions and are thereby contributors of the niche, direct evidence of a main orchestrating niche cell population in mammalian testes has not been uncovered. Because of their intimate association with developing germ cells and their role in the formation of testicular architecture, Sertoli cells have been regarded as the main contributor to germ cell development and the maintenance of spermatogenesis. In fact, Sertoli cell number is highly correlated to daily sperm production in the testes of several mammalian species [14] [15] [16] .
Transient induction of hypothyroidism by treatment with polythiouracil (PTU) during neonatal development in rodents extends the period of Sertoli cell proliferation, resulting in an increase of Sertoli cell numbers at puberty [17] [18] [19] . With mice, PTU treatment was shown to increase Sertoli cell content by 30% compared to normal mice not treated with PTU [19] . Further studies by Holsberger et al. [20] [21] [22] determined that the cyclin-dependent kinase inhibitor p27(Kip1) is activated in neonatal Sertoli cells by stimulation from triiodothyronine (T3) to regulate the period of postnatal proliferation. Thus, PTUinduced hypothyroidism delays the timing of T3 output during neonatal development to prolong the period of Sertoli cell mitosis. Consequently, the total germ cell content, including spermatogonial population and production of spermatozoa, is increased in testes of PTU-treated adult mice. This alteration of the seminiferous epithelium is associated with increases in testis size and seminiferous tubule diameter [17] [18] [19] addition, Leydig cell number is increased within testes from PTU-treated mice; however, testosterone production is similar to normal mice, indicating that overall Leydig cell function may not be altered in testes of PTU-treated animals [19] . Recently, studies by Auharek and de França [23] revealed that overall vascularization of the interstitial space between seminiferous tubules is increased in testes of PTU-treated adult mice. These observations demonstrate that Sertoli cell content influences the capacity for spermatogenesis within seminiferous tubules. However, to our knowledge, the impact of increasing Sertoli cell numbers on SSCs or niches within mouse testes has not been explored.
The objective of this study was to identify unequivocally the main support cell population that dictates formation of stem cell niches within mammalian testes, and we hypothesized that Sertoli cells serve in this capacity. To test this, we devised an experimental strategy that would determine directly whether Sertoli cells dictate niche numbers within mouse testes. We reasoned that if Sertoli cells orchestrate formation of SSC niches, an increase in Sertoli cell number would correspond to an increase in both the number of SSCs and the number of accessible niches for colonization by SSCs. To alter Sertoli cell numbers in adult mouse testes, we induced hypothyroidism during neonatal development in mouse pups via treatment with PTU. This method was used in conjunction with the germ cell transplantation technique [24, 25] to assay directly for changes in SSC and niche numbers within testes of adult mice that contain increased Sertoli cell content. Upon transplantation into recipient seminiferous tubules, donor SSCs migrate to open niches and reestablish spermatogenesis, and counting colonies provides a faithful determination of SSC number in the injected cell suspension from donor testes and niche accessibility within the recipient testis [24] [25] [26] [27] .
MATERIALS AND METHODS

Animals
Mice used as donors for SSC transplantation analyses were LacZ expressing B6;129s-Gt(ROSA)26Sor/J (designated Rosa) and were purchased from The Jackson Laboratory (Bar Harbor, ME). Recipient mice for microinjection of donor SSCs into seminiferous tubules were 129SvCP (129) 3 C57BL/6 (The Jackson Laboratory) that had been treated with busulfan (60 mg/kg) at least 6 wk prior to eliminate endogenous germ cells. All animal procedures were approved by the Institutional Animal Care and Use Committee at Penn State University.
PTU Treatment
To induce transient hypothyroidism during postnatal development, 6-Propyl-2-Thiouracil (PTU; 50 mg/L; Sigma Inc., St. Louis, MO) was added to the mothers' water immediately after parturition. Approximately 5 g/L of cherry Kool-Aid was added to the water to enhance palatability and ensure constant intake by the mother. Fresh PTU was supplied to mothers every 3-4 days until the pups were weaned at 25 days old. Weaned males were then maintained without PTU supplementation.
Isolation of THY1þ Germ Cells
Testes of adult (2-to 4-mo-old) donor mice were collected following euthanasia and incubated with collagenase (1 mg/ml in Hanks balanced salt solution [HBSS] ) to separate seminiferous tubules, followed by washing five times in HBSS to eliminate interstitial cells. Single cell suspensions of seminiferous tubules were generated by incubation with trypsin-ethylenediaminetetraacetic acid, and THY1þ germ cells were isolated by magneticactivated cell sorting (MACS) as described previously [25, 28, 29] and washed several times in mouse serum-free medium (mSFM) [29] .
SSC Transplantation and Analysis of Recipient Testes
To assay for numbers of SSCs and stem cell niches in testes of PTU-treated and control mice, the germ cell transplantation technique was performed as described previously [19] . Briefly, to assay for total SSC numbers, THY1þ germ cells isolated from PTU-treated and control donor Rosa mice were suspended in mSFM at a concentration of 1 3 10 6 cells per milliliter, and 7 ll of donor cell suspension was microinjected into seminiferous tubules of busulfan-treated recipient mice. To assay for niche number in PTU-treated and control mice, THY1þ germ cells isolated from normal adult Rosa donor males were suspended in mSFM at a concentration of 1 3 10 6 cells per ml, and 7 ll of donor cell suspension was microinjected into the seminiferous tubules of PTUtreated and control recipient mice that had also been treated with busulfan at least 6 wk prior. Analysis of recipient testes for colonies of donor-derived spermatogenesis, a measure of stem cell content in the microinjected donor cell suspension and niche number in recipient testes, was conducted 2 mo after transplantation by incubation with X-gal (5-bromo-4-chloro-3-indolyly-b-Dgalactosidase) to stain donor cells blue. The number of blue-stained colonies in each recipient testis was determined by counting with the aid of a dissecting microscope (Olympus, Center Valley, PA), and digital images were captured with an Olympus SZX stereo microscope equipped with a digital imaging system (DP71 Camera; Olympus). Determination of niche number in PTUtreated and control recipient testes was made based on colonies of donorderived spermatogenesis per 1 3 10 5 THY1þ cells injected. Because similar numbers of THY1þ germ cells were injected into recipient testes to avoid effects on colonization efficiency due to unequal administration of overall cell numbers, determining differences in the SSC content of testes from PTUtreated and control donors involved multiplying donor-derived colonies of spermatogenesis by the number of THY1þ germ cells isolated.
Immunohistochemistry for GATA4 and Determination of Sertoli Cell Numbers
Testes from PTU-treated and control mice were fixed by incubating in Bouin solution overnight, followed by washing in 70% ethanol. Tissues were then embedded in paraffin, and 5-lm-thick cross sections were adhered to glass slides. Sections were deparaffinized, rehydrated, and nonspecific antibody binding was blocked by incubating with 10% normal goat serum. Sertoli cell nuclei were then labeled by incubating sections overnight at 48C with goat antimouse GATA4 polyclonal antibody (1:200; Santa Cruz Biotechnology, Santa Cruz, CA). The next day, sections were washed in PBS and incubated for 1 h at room temperature with biotinylated rabbit anti-goat secondary antibody (Santa Cruz Biotechnology). Sections were then washed in PBS and stained with a DAB substrate kit (Vector Lab Inc., Burlingame, CA), followed by counterstaining with hematoxylin. Cross sections were visualized microscopically at 103 magnification, and Sertoli cell numbers were quantified by counting GATA4þ nuclei in 10 round seminiferous tubules per cross section. Analyses were conducted in triplicate, thus 30 round seminiferous tubules were analyzed for PTU-and control-treated animals.
Evaluation of Blood Vessel and Interstitial Tissue Association with Seminiferous Tubules
Testes were excised and small holes were made in tunica albuginae, followed by incubating in Bouin solution overnight according to methods described by Russell et al. [30] . Fixed testes were then washed in 70% ethanol and subsequently embedded in paraffin. Cross sections were cut at 7-lm thickness and adhered to glass slides. Following deparaffinization and rehydration, cross sections were stained with hematoxylin and eosin, and samples were visualized microscopically at 103 and 203 magnification, and digital images of cross sections were captured using a DP71 camera and CellSense imaging software (Olympus Inc.). Composite images representing entire cross sections were compiled using CellSense imaging software and evaluated for the number of blood vessels within the interstitial space. Two cross sections of each testis from PTU-treated and control mice were analyzed. The number of seminiferous tubules bordered by blood vessels was counted for each cross section and divided by the total number of seminiferous tubules within the cross section to determine the percentage of seminiferous tubules associated with blood vessels. The average length of seminiferous tubule basement membrane bordered by blood vessels or interstitial tissue within each cross section was determined using NIH Image J (http://imagej.nih.gov/ij/). All tubules associated with blood vessels were analyzed, but only 10 round tubules of each cross section were analyzed for association with interstitial tissue. Lengths of seminiferous tubule basement membrane were analyzed as arbitrary values.
Statistics
All data are presented as average (AVG) 6 SEM for three independent replicate experiments. Differences between means were determined using the ttest function of SPSS statistical software (version 17; Chicago, IL).
640
RESULTS
Increased Numbers of SSCs in Testes of PTU-Treated Mice Containing Greater Sertoli Cell Content
First, we devised an experimental strategy utilizing PTUtreated donors and transplantation analyses to examine whether an increase in the number of Sertoli cells corresponds to an increase in the number of SSCs within testes of adult mice (Fig.  1A) . For these experiments, Rosa mice that express a LacZ marker transgene in all germ cell types were used as donors. Immunohistochemistry staining for expression of GATA4, a marker of Sertoli cells, in seminiferous tubules was used to determine differences in Sertoli cell numbers (Fig. 1B) . Treatment with PTU during the postnatal period of 0-25 days postpartum (dpp) resulted in a significant (P ¼ 0.01) increase of testis weight by 32% (Table 1) , seminiferous tubule diameter by 7% (Table 1) , and Sertoli cell number by 44% (Fig. 1C) compared to non-PTU-treated controls when the mice were 3-4 mo old (n ¼ 3 different mice for each treatment). This alteration in Sertoli cell content is similar to the 30% increase measured in previous studies with PTU-treated mice [16] . The THY1þ cell fraction, which contains nearly all (.90%) of the SSCs in adult mouse testes [28, 29] , was then isolated from 3-to 4-moold PTU-treated and non-PTU-treated control Rosa donors and transplanted separately into the testes of wild-type 129XC57 F1 recipient mice to assay for SSC numbers. As expected, the total number of cells recovered after enzymatic digestion of donor seminiferous tubules was greater by ;59% for PTURosa donors compared to control-Rosa donors (Table 1) . Similarly, the number of THY1þ cells isolated by MACS from PTU-Rosa donor testes was greater by ;36% compared to control-Rosa donors ( Table 1) . Colonies of donor spermatogenesis were observed in testes of recipient mice 2 mo after transplantation regardless of whether they received THY1þ cells from PTU-treated or control Rosa donors. The number of colonies generated by microinjected cells from PTU-Rosa donors (32.5 6 7.9 colonies per 10 5 THY1þ cells injected; mean 6 SEM for three different donors and seven recipient testes) was significantly (P ¼ 0.05) greater by 2.2-fold compared to control-Rosa donors (14.8 6 2.6 colonies per 10 5 THY1þ cells injected; mean 6 SEM for three different donors and seven recipient testes). Because the number of donor THY1þ cells injected into each recipient testis was the same to eliminate differences in homing efficiency due to unequal cell concentrations, evaluation of total SSC numbers in donor testes required consideration of the number of isolated THY1þ cells from each donor. When this normalization was conducted, testes of PTU-Rosa donor mice were found to
5 THY1þ donor germ cells microinjected and normalized to the number of THY1þ cells isolated by MACS. Data are mean 6 SEM for three independent experiments using different donors for each treatment and 10-12 recipient testes for each replicate experiment; *P ¼ 0.05.
DETERMINATION OF SSC NICHES contain 3.1-fold more SSCs compared to control-Rosa donors (Fig. 1D) . Together, results of these experiments indicate that the number of Sertoli cells positively influences the total number of SSCs within adult mouse testes. However, whether this increase was due to expansion of the number of niches or altered balance of SSC self-renewal and differentiation remained undefined.
Association of Seminiferous Tubules with the Vasculature and Interstitial Tissue Is Not Altered in Testes of PTUTreated Mice Containing Greater Numbers of Sertoli Cells
In addition to Sertoli cells, previous studies have implicated contributions from the vascular network and interstitial tissue between seminiferous tubules as regulators of SSC function in mouse testes [11] [12] [13] . Therefore, we investigated the association of seminiferous tubules with both blood vessels and interstitial tissue in testes with increased Sertoli cell numbers from PTU treatment. Staining of cross sections from testes of PTU-treated and control 129XC57 mice with hematoxylin and eosin allowed for identification of blood vessels within the interstitial space ( Fig. 2A) . Quantification of these revealed a significant (P ¼ 0.01) increase of ;30% (n ¼ 3 different mice examined for each treatment) more blood vessels in testes of PTU-treated males compared to nontreated controls (Fig. 2B) . This altered vascularization of the interstitial space could have been a major contributor to the increase of SSC numbers within testes of PTU-treated mice. Thus, we reasoned that if the vasculature was a key contributor of the SSC niche, the percentage of seminiferous tubules and length of seminiferous tubule basement membrane in close association with blood vessels would be elevated in testes of PTU-treated mice that contain increased numbers of SSCs. Examination of cross sections from PTU-treated and control mice revealed no differences (P ¼ 0.13) in the percentage of seminiferous tubules that are associated with blood vessels (Fig. 2C) . Similarly, the length of seminiferous tubule basement membrane associated with blood vessels or interstitial tissue was found to be no different (P . 0.05) in testes of PTU-treated and control mice (Fig. 2D) . Collectively, these findings indicate that increased SSC content in testes of PTU-treated mice is a result of increased Sertoli cell content and not altered association of seminiferous tubule area with the vasculature or interstitial tissue.
Increased Numbers of SSC Niches in Testes of PTU-Treated Mice Containing Greater Numbers of Sertoli Cells
Next, we aimed to determine whether an increase in Sertoli cell numbers corresponds to an increase in niche accessibility within adult mouse testes. We devised an experimental strategy in which Sertoli cell numbers were artificially increased in hybrid 129XC57 F1 recipient mice by treatment with PTU from 0-25 dpp (Fig. 3A) . At 8 wk of age, PTU-treated and nontreated control 129XC57 F1 mice were administered the chemotoxic drug busulfan to deplete endogenous spermatogenesis. These mice were then used as recipients 6 wk after busulfan treatment for transplantation with THY1þ germ cells 642 from normal Rosa donor males. Prior to conducting transplantation analyses, we confirmed that testes from PTU-treated males contained a greater number of Sertoli cells compared to control males even after treatment with busulfan. Based on quantification of the number of GATA4þ nuclei within cross sections of seminiferous tubules, we found that the number of Sertoli cells was significantly (P ¼ 0.05) greater by ;48% (n ¼ 3 different mice evaluated for each treatment) in testes of PTU/ busulfan-treated males compared to busulfan-treated control males that did not receive PTU (Fig. 3B) . In contrast to previous studies showing increased size of seminiferous tubules and testis weight in PTU-treated mice not treated with busulfan [14] [15] [16] (Fig. 1) , the diameter of seminiferous tubules and weight of testes from PTU/busulfan-treated mice was not different compared to busulfan-treated control mice (Table 2) . After transplantation, colonies of donor-derived spermatogenesis were observed in both PTU/busulfan-treated and control/ busulfan recipient testes 2 mo later. Quantification of these colonies revealed that testes of PTU-treated recipients (35.3 6 2.4 colonies per 10 5 THY1þ cells injected; mean 6 SEM for 3 different donors and 10-12 recipient testes) contained 3.1-fold more niches that were colonized by donor SSCs with reestablished spermatogenesis compared to testes of non-PTU-treated controls (11.3 6 2.7 colonies per 10 5 THY1þ cells injected; mean 6 SEM for 3 different donors and 10-12 recipient testes; Fig. 3C ). These values were in agreement with the 3.1-fold more SSCs found in PTU-treated donor testes from previous analyses (Fig. 1D) . Previous studies suggest that SSC niches in mouse testes are regions of seminiferous tubules associated with the vasculature and interstitial tissue [11] [12] [13] . Thus, we examined whether these associations were altered in testes of PTU/busulfan-treated recipient mice that contain greater numbers of SSC niches compared to normal busulfantreated recipient mice. Surprisingly, the number of blood vessels within the interstitial space was not different (P ¼ 0.82)
FIG. 3. Evaluation of SSC niche numbers in testes of mice with experimentally induced increase of Sertoli cell numbers. A)
Experimental strategy using germ cell transplantation to assay for numbers of niches in recipient mice with normal numbers of Sertoli cells and recipient mice treated with PTU during postnatal development to increase Sertoli cell content. MACS-isolated THY1þ germ cells from normal Rosa donors were used as a source of SSCs for microinjection into PTU and non-PTU-treated recipient testes. B) Numbers of GATA4þ nuclei within cross sections of seminiferous tubules from PTU/ busulfan-treated and control busulfan-treated 129XC57 mice. Data are mean 6 SEM for three different replicate samples of each treatment; *P ¼ 0.05. C) Numbers of donor-derived colonies of spermatogenesis, a reflection of colonized SSC niches, in testes of PTU/busulfan-treated and control busulfantreated recipient mice 2 mo after transplantation. Data are mean 6 SEM for three independent transplantation experiments and 10-12 recipient testes for each treatment; *P ¼ 0.01. D) Number of blood vessels within the interstitial space in cross sections of testes from PTU/busulfan-treated and control busulfan-treated mice. Data are mean 6 SEM for three different mice in each treatment. E) Percentage of seminiferous tubules in close association with blood vessels in testes of PTU/busulfan-treated and busulfan-treated control mice. Data are mean 6 SEM for three different mice of each treatment. F) Length of seminiferous tubule basement membrane bordered by blood vessels or interstitial tissue in testes of PTU/busulfan-treated and busulfan-treated control mice. Data are mean 6 SEM for three different mice in each treatment. 
DETERMINATION OF SSC NICHES
in cross sections of testes from PTU/busuflan-treated mice compared to control busulfan-treated mice (Fig. 3D) . As expected, the percentage of seminiferous tubules associated with blood vessels was also found to be no different (P ¼ 0.35) between PTU/busulfan-treated mice and control busulfantreated mice (Fig. 3E) . Similarly, the length of seminiferous tubule basement membrane associated with either the interstitial tissue or blood vessels was found to be no different (P . 0.05) in testes of PTU/busulfan-treated mice compared to control busuflan-treated mice (Fig. 3F) . Overall, these results indicate that the number of Sertoli cells dictates the number of accessible SSC niches within testes of adult mice, and this interaction is not through alteration of the area of seminiferous tubules associated with the vasculature or interstitial tissue.
DISCUSSION
The seminiferous epithelium is divided into basal and adluminal compartments, of which the spermatogonial population including SSCs is located within the basal compartment below the blood-testis-barrier formed by Sertoli cell tight junctions [30] . This anatomical localization allows for exposure of SSCs to factors secreted not only by Sertoli cells but also those coming from interstitial cell populations, including Leydig cells and factors carried in the vasculature. Thus, several somatic cell populations have been implicated as contributors to the SSC niche, yet a single cell type that orchestrates niche formation in mammalian testes has not been identified. Sertoli cells have been regarded as the key contributor of the SSC niche, a belief born from circumstantial evidence that these cells express GDNF, and this factor is required for SSC self-renewal. However, direct evidence that these cells dictate niche formation and accessibility to SSCs has not been reported. Using the PTU-induced hypothyroidism model to artificially manipulate Sertoli cell numbers in testes of adult mice, we show that increased Sertoli cell number is correlated to increases of both the number of SSCs and niches accessible for SSC colonization following transplantation. Though total seminiferous tubular volume is increased in testes of PTU-treated mice, and this would be expected to increase SSC numbers accordingly, the volume is not altered in testes of PTU/busulfan-treated mice compared to control busulfantreated mice not exposed to PTU. Importantly, use of these animals as recipients for transplantation revealed a greater than 3-fold increase in accessible niches for colonization by donor SSCs. Thus, these observations indicate that Sertoli cell numbers dictate stem cell niches formation in mammalian testes, similar to the notion of a single niche support cell population that governs activities of other tissue-specific stem cell populations such as NSCs [4] and HSCs [5, 6] .
Though the current study indicates that Sertoli cells are the key drivers of SSC niche formation and function, the mechanisms by which they orchestrate this feat are still poorly defined. One possibility is formation of local gradients of Sertoli cell-secreted factors such as GDNF. In this respect, Sertoli cell density could affect the number of SSCs. Based on the number of Sertoli cell nuclei per seminiferous tubule and in relation to tubule diameter, the density of Sertoli cells in testes of adult PTU-treated mice (8.6 Sertoli cells per 100 lm) was 1.4-fold greater compared to that of control mice (6.2 Sertoli cells per 100 lm). Thus, it is likely that concentration of secreted niche factors that influence SSC activities was greater in testes of PTU-treated mice, resulting in enhanced numbers of SSCs. Another potential mechanism by which Sertoli cells orchestrate the SSC niche is influencing output of soluble factors from interstitial cell populations, including Leydig cells.
Previous studies showed that Leydig cell numbers are increased in testes of PTU-treated rodents [19] . Also, our recent studies revealed that CSF1 enhances GDNF-induced self-renewal of mouse SSCs, and this factor is expressed by Leydig cells [10] . Thus, it is likely that concentrations of secreted factors from Leydig cells such as CSF1 are also elevated in testes of PTU-treated mice, and these could contribute to activity of the SSC population. Intriguingly, cross-talk between Sertoli and Leydig cells could be a major mechanism by which stem cell niche formation and function in mammalian testes is regulated. Similar to PTU-treated donor mice, testes of PTU/busulfan-treated mice used as recipients for SSC transplantation also contained a greater density of Sertoli cells compared to busulfan-treated mice not exposed to PTU. Use of these animals as recipients revealed greater than 3-fold more accessible niches for colonization by transplanted donor SSCs. However, individual donor-derived colonies were randomly distributed throughout recipient testes; thus, alteration in the total number of colonies generated was likely a result of increased numbers of individual niches and not from elevated concentrations of specific factors within a given niche. Collectively, results of the current study indicate that Sertoli cells dictate the number of SSC niches within mouse testes resulting in greater SSC numbers, which is likely influenced by concentrations of soluble niche factors secreted by both Sertoli and Leydig cells.
Previous studies suggest an important role of interstitial cell populations in formation of SSC niches [11] [12] [13] . In particular, associative observations from studies of Yoshida et al. [13] suggest that vascular patterning of the interstitial space dictates niche formation within mouse testes, yet direct evidence that manipulation of the vasculature effects SSC function has not been reported. In the current study, we found that total vascular development of the interstitial space is increased in accordance with increased Sertoli cell numbers. This finding suggests that Sertoli cells may regulate vascularization of the interstitial space, but a direct connection has not been made. However, the percentage of seminiferous tubules and area of seminiferous tubule basement membrane associated with the vasculature was found to be unaltered in testes of PTU-treated mice compared to controls. Likewise, the area of basement membrane associated with interstitial tissue was found to be no different in PTU-treated mice. These findings indicate that the increased number of SSCs in testes of PTU-treated mice result from alteration of Sertoli cell numbers. In support of this conclusion, the percentage of seminiferous tubules and area of basement membrane associated with either the interstitial tissue or blood vessels was found to be no different in testes of PTU/busulfantreated mice compared to non-PTU-treated controls also receiving busulfan. Importantly, the number of niches accessible for colonization by transplanted SSCs was increased by greater than 3-fold in the PTU/busulfan-treated mice, and the number of Sertoli cells was also increased by 48%. Collectively, these findings provide direct evidence that manipulation of the Sertoli cell population alters both the number of SSCs and niches within testes of adult mice. Moreover, these results indicate that in the PTU model the vasculature and interstitial tissue does not dictate the number of SSC niches in mouse testes, rather Sertoli cells are the main orchestrating support cell population.
Overall, results of this study show that Sertoli cells dictate formation of SSC niches within mouse testes likely through secretion of specific growth factors and through inducing output of secreted factors from Leydig cells and possibly other interstitial cell populations that influence SSC activities. Future studies will be aimed at identifying the mechanism by which 644 Sertoli cells coordinate the contributions by other support cell populations. Decline in tissue homeostasis and regenerative capacity are hallmarks of aging and degenerative diseases, which may be due to impaired activity of tissue-specific stem cells. Previous studies indicate that failure of niches to support stem cell activities leads to aging-related decline of tissue function in liver and skeletal muscle [31, 32] . Similarly, studies by Ryu et al. [33] showed that declining fertility in aged males is a result of impaired niche function. Thus, defining the main support cell populations and their contributions to the stem cell niche is essential for diagnosing underlying causes of degenerative diseases, including male infertility.
